Reactive dyes are widely used in the textile industry, owing to their ability to produce strong covalent bonds to Employees who had experienced work related symptoms from the skin or airways during the most recent five year period were identified through interviews with the company physicians and nurses, the management representatives, and the trade union occupational safety officers. We visited all the dying, weighing, and laboratory departments and interviewed all staff on duty that day. Symptomatic subjects not present at the day of the visit (for example, because of sick leave or working night shifts) were identified through interviews with their supervisors and occupational safety officers.
The total number of employees at the plants was 1142, but most of them were not exposed directly to reactive dyes. There were 229 persons employed in the dyehouse and laboratory departments. Twenty five of these were dye storemen, mixers, and weighers who were exposed to dye powders for most of their working day (exposure group 1). Eighty seven were exposed to dye powders as part of their job as dyersfor instance, when mixing and dissolving dye powder in the dying bath (exposure group 2). Fifty employees were exposed to small quantities of dyes intermittently as supervisors or laboratory staff (exposure group 3). These job categories roughly correspond to groups 1-3 in the article by Docker For the RASTs, conjugates between reactive dyes and human serum albumin were prepared as previously described."2 Briefly, human serum albumin (6 mg/ml) was allowed to react with an equal volume of the dye (1 mg/ml) for one hour at pH and 20°C. Minicon-B15 concentrators (Amicon Corp, Lexington, Mass.) were used for the removal of low molecular weight substances from the conjugates (an 0-1 mol/l NaHCO, buffer was used).
When conjugates were used for RAST, 16 hours was allowed for the coupling to CNBr activated paper discs. A standard RAST procedure was used and the results were expressed as RAST classes according to the Phadebas RAST Reference System (Pharmacia Diagnostics, Uppsala, Sweden). The limit for a positive test (RAST class 1) corresponded to roughly 2% of the total activity added.
Non-specific binding to the discs was investigated with two different serum pools from persons with no known exposure to reactive dyes. The concentrations of total IgE in the pools were 35 and 2000 kU/l. Total IgE was determined by the PRIST method (Pharmacia Diagnostics, Uppsala, Sweden). Only a low degree of non-specific binding to the discs was seen (< 0 7% of the total activity).
Whether any cross reactivity existed between different dyes was investigated by RAST and RAST inhibition. Conjugates prepared from the dyes giving positive RASTs were used in the RAST inhibition experiments in which 50 ul of serum was preincubated overnight with 60 pg of conjugate. In the first experiment, remazol black B conjugates were coupled to the RAST discs and serum was preincubated with various dye-human serum albumin conjugates. Combinations of sera and dyes that had produced at least a RAST class 2 were chosen for a second inhibition experiment, in which an opposite approach was adopted: Different dye conjugates were coupled to the discs and the remazol black B conjugate was used for inhibition. standard series or to the reactive dyes were found. In one patient (N) a positive reaction (erythema, infiltration) was noted for basic red 46 (1 % in petrolium jelly), which is a monoazo dye. One of the patients with urticaria (B) had positive prick tests to reactive dyes, and another (M) to standard allergens. Reactive dyes gave positive RASTs in four of the patients that had handled reactive dyes (2%, 95% CI 0-7-6%). All of them had worked as dyers, weighers, or in the laboratory and had been exposed to dye powders for one year or less before the onset of symptoms. In one case (E) a positive skin prick test with reactive dyes could not be confirmed with RAST. If this patient is included in the five year period, prevalence of IgE mediated allergy to reactive dyes among the exposed group in the dyehouse and laboratory departments could be estimated to 3% (95% CI 1-7%).
Irritant reactions to chemicals used in the dyehouse were suspected in the remaining five patients with respiratory or nasal symptoms. The latency time in this group ranged from one month to 27 years.
A history of atopy or a positive skin prick test for common allergens was found in most patients, although this seemed to be more common among patients with irritant reactions (4/5) or skin symptoms (8/10) than among patients with a specific allergy to reactive dyes (2/5) ( (table 3) . The pattern of positive RASTs varied among the four positive patients, but they were all positive to remazol black B and remazol black GF, both with the same colour index name (reactive black 5).
In the first RAST inhibition experiment, binding to remazol black B discs could be inhibited by remazol black B conjugates, but also with conjugates prepared from remazol marine blue GG and remazol black GF. In the second inhibition experiment, the dyes remazol marine blue GG and remazol black GF could be substituted for remazol black B without changing the outcome of the RAST inhibition significantly (fig) .
The variation in the test procedures was found to be low, with a relative standard deviation (coefficient of variation) in the RAST and the RAST inhibition of 7% and 8% respectively. As an example, the true inibition percentage for a duplicate sample eliciting 50% inhibition could be estimated to be within the interval from 44%/0 to 56% inhibition (95% CI).
The performances of both unconjugated remazol black B and a human serum albumin conjugate of the same dye in the skin prick test were studied. On a weight basis, at least twice the amount of conjugate was needed to produce the same reaction as that elicited by the unconjugated dye. As earlier studies had shown an average of seven dye haptens bound per molecule of human serum albumin in this conjugate," it was possible to recalculate the results with respect to the number of dye molecules available. The conjugated dye was found to be roughly twice as potent as the unconjugated dye. Results from the skin prick tests performed with unconjugated dyes showed a good correlation with the RAST results in the four RAST positive cases. One patient showed pronounced reactions in the skin prick test but no significant binding to the RAST discs could be noted.
Discussion
Work related respiratory and skin symptoms are not uncommon among dyehouse workers. In accordance with previous studies this study shows that reactive dyes are common causative agents for respiratory symptoms among dyehouse workers. After weighers, laboratory personnel showed the next highest prevalence of respiratory and nasal symptoms and IgE mediated allergy to reactive dyes (table 2). They handle dyes in smaller quantities (weighing and mixing) but probably more frequently than the dyers.
The prevalence of work related nasal and respiratory symptoms in the exposed group was lower in our study than in that by Docker and coworkers.6 They found higher percentages of positive RASTs in the exposed groups but lower proportions in the symptomatic groups. One reason for the difference in prevalence figures could be that they used a mixture of many dyes for RAST screening, whereas the patients in our study were encouraged to bring in dyes that they suspected to be the causative agents. Another explanation is that the handling of and exposure to reactive dyes may be different in the Swedish and English plants. In both studies atopy was common in the symptomatic groups.
Another difference between the two studies is that Docker and coworkers used questionnaires to identify cases with symptoms, whereas we interviewed all employees in the dyehouse and laboratory departments that were present at the day of the investigation (most employees). For identification of cases among the rest of the staff, we had to rely on interviews with supervisors, occupational safety officers, and company physicians and nurses. We think that we have identified the same number of cases in the dyehouse and laboratory departments as we would have done using a questionnaire, although the estimated prevalence of cases in other departments may have been underestimated.
The Allergy to reactive dyes mediated by IgE seemed, in most cases, to develop within a year from the onset of exposure and asthma was often preceded by rhinitis. Pre-employment blood tests for total IgE or skin prick tests with common aeroallergens do not seem to be good predictors of the development of such an allergy.
In the persons with dermatitis, we found no positive patch test reactions to the reactive dyes. As many dyes are handled by each person every day, it could be difficult to identify the causative agent of a delayed allergic reaction and, therefore, we may not have tested the appropriate dyes. On the other hand, other chemical or physical factors may have caused the skin symptoms.
The RAST inhibition showed cross reactivity between some of the dyes. This implies that a person who had been sensitised by one sIye may be at risk when exposed not only to the same dye but also to some other reactive dyes. The cross reactivity varied between patients, however, and thus seems to be dependent on individual immune response factors.
Reactive dyes have not been chemicallv defined. 10 We do not know if the identification of remazol black B as a causative agent only reflects the fact that this dye is commonly used or if the dye has special chemical properties that make it active as a hapten.
Recently there have been reports that reactive dye specific IgG antibodies could be used as an indicator of exposure to reactive dyes although clinical symptoms seem to be related to increased serum concentrations of IgE but not IgG.'3 14
Although we do not fully understand the mechanisms involved, it seems clear that exposure to reactive dye powders should be considered a potential health hazard. 
